Abstract: Although place-based investigations into human phenomena have been widely conducted in the social sciences over the last decades, this notion has only recently transgressed into Geographic Information Science (GIScience). Such a place-based GIS comprises research from computational place modeling on one end of the spectrum, to purely theoretical discussions on the other end. Central to all research that is concerned with place-based GIS is the notion of placing the individual at the center of the investigation, in order to assess human-environment relationships. This requires the formalization of place, which poses a number of challenges. The first challenge is unambiguously defining place, to subsequently be able to translate it into binary code, which computers and geographic information systems can handle. This formalization poses the next challenge, due to the inherent vagueness and subjectivity of human data. The last challenge is ensuring the transferability of results, requiring large samples of subjective data. In this paper, we re-examine the meaning of place in GIScience from a 2018 perspective, determine what is special about place, and how place is handled both in GIScience and in neighboring disciplines. We, therefore, adopt the view that space is a purely geographic notion, reflecting the dimensions of height, depth, and width in which all things occur and move, while place reflects the subjective human perception of segments of space based on context and experience. Our main research questions are whether place is or should be a significant (sub)topic in GIScience, whether it can be adequately addressed and handled with established GIScience methods, and, if not, which other disciplines must be considered to sufficiently account for place-based analyses. Our aim is to conflate findings from a vast and dynamic field in an attempt to position place-based GIS within the broader framework of GIScience.
Introduction
Although the concept of place plays a central role in everyday life and in a number of scientific disciplines, such as human spatial cognition and communication, as well as human, economic, and cultural geography, it is only rarely breached in GIScience [1] . This can perhaps be attributed to the difficulty in capturing and modeling place in a formal and unambiguous manner, because of the binary concept on which a computer system, and thus, a GIS is founded [1, 2] . Translating the informal world of human discourse into the rigid binary alphabet of zeros and ones requires strict and precise rules [2] . This requirement poses a challenge to researchers, due to the inherent vagueness and subjectivity of the human data produced in the humanities or social sciences. However, successfully implementing a robust place definition in GIS would allow for us to analyze such "soft" data types, offering a scientifically sound insight into the cause and effect relationships between humans and their environment.
Methodological Considerations Regarding Place
Within the discipline of geography, place as a concept has been debated upon since the 1970s, with the exception of a considerable hiatus [5, 6] , during which place was ignored at best, but also completely devalued by many [7] . The foundations of the concept, however, are much older and go back to the work of Hettner [8] and others in the early 20th century. Although Hettner was heavily criticized later, his influence on Hartshorne who formed the 20th century American Geography was essential [9] . For Hettner, geographic facts were not given in reality, but they were only the results of chorological observations. "Consequently, a 'geographic' observation was a fact only when and as far as it showed differences between places (örtliche Verschiedenheit); and only when and as far as these differences between places stood as causes or results in primary relationship to collections of facts with other differences between places. As far as geographic facts were constructions, this approach was applicable to regions (Räume), the fundamental epistemological object of Länderkunde and geography for Hettner. Consequently, regions were not ideals to be 'found' in reality, but were 'produced' through a methodologically systematic process of regionalization" [9] (p. 428). In fact, Hartshorne specifies Geography's ideas on nomothetic and idiographic approaches and the relationship between systematic and regional geography-that may-in a more abstract sense-play a role in our attempt to methodologically tackle place.
Nearly three decades into the debate surrounding place in geography, Golledge [10] described the need to develop distinct subjective and objective measures for the analysis of place. Suggesting that "regardless of whether the tangible or intangible position is taken with respect to examining the sense of place, it should be possible to develop either a subjective or an objective scale (or some combination of the two) that captures the essence of a place [10] (p. 417). However, before such a scale, or any other quantification method, can be developed, it is essential to first and foremost define what place is. To this end, a myriad of definitions have emerged, such as "a portion of geographic space" [11] (p. 582); "space invested with meaning in the context of power" [6] (p. 12); the "conceptual fusion of space and experience" [12] (p. 6); or "meaningful segments of space" [13] (p. 3).
Aside from these provided definitions, place has also been comprehensively described as the context for all human actions and activities, linked to the individuals' memories and emotions [4] [5] [6] 12, 14, 15] . Thus, places are inherently relational and connected with other places, rather than being isolated containers in which social interaction occurs [5, 7, [16] [17] [18] . This approach has been described as the progressive view of place [4] and it is in stark contrast to the earlier conventional view of place, which saw places as rigid and isolated entities. In contrast to the conventional concept, the progressive view of places means that places can be anywhere [4] , at any scale [15, 19, 20] , stationary or moveable [20] [21] [22] [23] , and we can be in several places at once [5, 14, 22] . This dynamic nature of place has a burdening impact on typical geographic analyses, as it is by no means unambiguous. For instance, an individual can be at their place of residence and in their neighborhood at the same time, and it is simply a matter of scale which place is of interest for a certain analysis. Moreover, places may be mobile, such as a cruise ship, for example, or on a smaller scale, a tent or a campervan, or on a larger scale a capital city, as was the case in Germany where the capital shifted from Berlin to Bonn and back to Berlin in the course of a mere 41 years.
In an attempt to provide a framework for handling place in the modern Geosciences, Cresswell [6] identifies three levels at which geographers can approach the notion of place, namely:
• descriptively-identifying the distinctive features of certain places; • social Constructionist-places as reflections of social processes; and, • phenomenological-how humans experience places.
Given these approaches, it seems that there is no sharp divide between the concepts of place and space in the Geosciences, which, according to [24] , hinders the full potentials of place-based analyses from being reached. In spite and because of the lack of a clear distinction between the two concepts, it is important to determine how both concepts are related. Therefore, space must first be defined. The online Oxford dictionary offers several definitions, only one of which is applicable to geographic space. This definition states that space is "the dimensions of height, depth, and width within which all things exist and move" [25] . Given this definition of space, it becomes evident that definitions of place always rely on an underlying spatial framework [26, 27] . Therefore, even when place is proclaimed as the essential entity of all human actions, independent of a Cartesian coordinate system, it is still anchored within a spatial definition (see [28, 29] ), making it inherently derivative of space [4] .
Nonetheless, being a fundamentally human phenomena, place incorporates not only spatial aspects, but it is also invested with meaning, as depicted in Figure 1 . It is this subjective human component that challenges GIScientists in the formalization and operationalization of place, attempts of which are outlined in the following chapter.
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Critical GIS is very different from GIS critique. Schuurman [30] coined the term critical GIS (sometimes abbreviated CGIS) against a "disciplinary backdrop in which GIS-based research was ISPRS Int. J. Geo-Inf. 2018, 7, 364 5 of 25 causing a disjuncture within geography [31] (p. 247) after several years of intense discussions, also referred to as "science wars" or "GIS wars" [30, 32] . Contrarily, critiques of GIS and quantitative geography more broadly started in the 1960s. The major difference between the 1990s critiques and earlier critiques was that, essentially, the 90s critiques were from scholars who embraced and used GIS and argued that it could be used better, whereas earlier critiques were from scholars-mainly geographers-such as David Harvey, Richard Peet, or David M. Smith who did not necessarily use GIS, but had an entirely different theoretical and epistemological view of what geographers should be doing.
As such, the research branch of critical GIS emerged as a result of a wide range of critique directed towards the field of GIS in the early 1990s (e.g., as outlined in [33] ). It was stated by Schuurman [34] (p. 727) that "the content of these critiques was largely thoughtful and certainly relevant to the emergence of a new science within geography"; however, that formalizing the abstract concepts that were subject to critique remains a fundamental challenge in GIScience. While formalizing spatial processes and relationships is a necessary step for their subsequent analysis and visualization, it is inherently accompanied by information loss and the suppression of detail [34] . However, this type of formalization is a necessary prerequisite for the production of ontologies, which are "statements of logical theory pertaining to spatial relations" [34] (p. 732). Thereby, critical GIS plays a fundamental role in "bridging the divide between GIScience ontology research and social theory perspectives on spatial relations, events, and processes" [34] (p. 736). The dimensionality of the complex ontologies of spatial objects must be recognized and incorporated into GIScience research with the primary goal of operationalization [34] . To this end, critical GIS engages with the representation of social concerns, including power relations, marginalization, and gender inequality, at the boundary between conceptualization and formalization [34] . It "provides a vehicle to explore a range of issues, from those central to the GIS and society research agenda (such as public participatory GIS (PPGIS)), to technical papers tseeking to address representational limitations of GIS, to ways of combining GIS with qualitative methods" [35] (p. 12).
Qualitative GIS is the branch of GIScience research concerned with knowledge production, based on the mixed-method research approach in geography. Qualitative GIS approaches attempt to incorporate qualitative data and analysis techniques into the hard-coded, formal environment of GIS [36] . This poses a longstanding challenge within GIScience, as demonstrated by the vast set of approaches positioned at the interface of GIS and qualitative research [37, 38] . As such, Jung [39] proposes software-level modifications of GIS, adapting them to enable the analysis of qualitative data sources. A computer-aided qualitative GIS approach is proposed by Jung & Elwood [36] , integrating GIS and the computer-aided qualitative data analysis software (CAQDAS), in order to combine both the spatial analytical and geovisualization capabilities of GIS, as well as the qualitative analysis tools of CAQDAS. The role of urban neighborhoods in the physical activity of children is considered by Widt [40] , who ascertained children's views regarding risk and analyzed them in conjunction with spatial features of the built environment and with reported crime. While the first two examples propose technical solutions to the problem of integrating qualitative and quantitative data, thus paving the way for future place-based analyses, the latter is a direct attempt of incorporating the notion of perceived place into a hard-coded analysis.
Participatory GIS/Public Participatory GIS
Participatory GIS (PGIS) emerged as a response to the critique that was directed towards GIS in the early 1990s, by recognizing the legitimacy of local or indigenous spatial knowledge [41] . It is motivated by the need for effectively involving the public in decision-making processes, thus leading to their empowerment [42] . Along with the closely related field of PPGIS (public participatory GIS), herein used synonymously, PGIS is driven by noteworthy issues and contexts that need to be examined, rather than being solely technology-led [41] . Thereby, the public and/or community are actively encouraged to participate in the production and use of geographic information, in order to produce a "multiplicity of geographical realities" [41] (p. 1), ultimately leading to a shift of social paradigms resulting in the inclusion and empowerment of traditionally marginalized groups within society [43] [44] [45] . As such, PGIS involves the integration of local, place-based knowledge through participatory approaches, either in a personal manner, through face-to-face interviews, or, in a distributed, online-based manner [42] . Typical application fields include regional and neighborhood planning, environmental planning and resource management, or mapping traditional ecological knowledge of indigenous populations [45] .
Thereby, PGIS serves as a platform for integrating the qualitative and quantitative information, which poses a significant development in light of the historic dualism between the two, and the inherent difficulties in merging them into a holistic research approach [44] . In this sense, PGIS contributes to GIScience and interdisciplinary studies of place by highlighting it in a manner in which conventional GIS does not [44] . This benefit is "important for geographers and other social scientists who (once again) have discovered the importance of place for scientific enquiry and development projects" [44] (p. 10). Therefore, "future PPGIS academic research can thus contribute significantly to geography and to the social sciences in general" [44] (p. 13), as it offers "open and transparent access to spatially enabled data and information handling tools for people interested in place-based problem solving and decision-making in a specific socio-political context" [46] (p. 40), but the debate whether GIS may support the empowerment of citizens or may support those who are in power cannot be answered unambiguously ( [41, 44, [47] [48] [49] ).
Affordances
The theory of affordances dates back to Gibson [50] , who investigated how individuals perceive their environment, based on ecological psychology [50, 51] . His theory suggests that that "knowing is a direct process and therefore the perceptual system extracts invariants embodying the ecologically significant properties of the perceiver's world" [52] (p. 251). Based on the inherent assumption that an animal and its environment are an inseparable pair, affordances must always be in relation to the individual [52] . Warren [53] demonstrates, for example, that the "climbability" affordance of stairs varies depending on the respective subject's own height, rather than on set objective parameters. As such, affordances are "what objects or things offer people to do with them, (thus) creating potential activities for users" [54] (p. 4), making them inherently subjective. Affordances can consist of sets of realized or unrealized affordances [55] .
A methodology for modeling places while using the concept of affordances is presented by [54] . Therein the authors include three aspects of affordances, namely, the agent, the environment, and the task requirements, in order to fulfill the premise of accurately depicting place. This includes accommodating the subjective views of the individuals, as well as their environment and their activities [54] . The interplay of these factors results in different place definitions of each individual. A lot of work on affordances builds on the fundamental principle of ecological psychology, called agent-environment-mutuality, suggesting that the relationships between agents and their environments need to be understood at a fundamental level [51] . The authors suggest that successfully integrating places into GIS would result in these being more user-friendly, as places better correspond to people's real-world spatial interactions than coordinate-based models [54] . To this end, their approach suggests broad categories of information, necessary for establishing an affordance-hierarchy for answering place-based queries. Building on the work of Jordan et al. [54] , Scheider & Janowitz [56] (p. 1) conceive places as a sub-category of Gibson's affordances, i.e., "perceivable action potentials in the meaningful environment of an observer". They argue that an affordance-based approach for delineating places may provide a robust foundation for geo-ontologies and offer insight into the "categorization and identity criteria for places" [56] (p. 1).
Accessibility Studies
Accessibility studies examine the accessibility to certain places, which may refer to either infrastructure or services, such as public transport infrastructure nodes, health-care facilities, leisure facilities, and so on, which are based on the costs in a network. The concepts of access and accessibility are more complex as one may think [24, [57] [58] [59] . Place-based accessibility measures are based on spatial entities, such as census tracts or traffic analysis zones [60] , expressing accessibility as spatial distances between the individual anchor point (e.g., an individual's home or workplace) and the service location. Place-based accessibility incorporates constructed barriers, such as one-way streets, or natural barriers, such as rivers, mountains, etc., in the routing process. However, critics pointed out that these rigid measures ignore temporal constraints on human behavior such as shop opening hours, traffic peaks, or weekday differences [60] , posing a need to "move beyond a place-based perspective in geographic information science to include a people-based perspective (i.e., the individual in space and time)" [61] (p. 503). The author [61] states that the increasing mobility and connectivity of individuals renders a simply place-based perspective on human phenomena incomplete, requiring future studies to incorporate the peculiarities of human mobility, and the resulting complex and subtle relationships between people and places [61] . These shortcomings of the place-based perspective of accessibility paved the way for the emergence of person-based accessibility measures, which assess accessibility on an individual level. An increasing number of studies investigate the perceived distances vs. real or Euclidean distances [58, [62] [63] [64] , usually, at an aggregated level to reflect locational privacy. These studies may use concepts of both place-based and people-based approaches-if it is possible to distinguish such approaches.
In accordance with Miller's [61] demand for a people-based perspective in regard to accessibility, Delafontaine et al. [60] introduce a GIS toolkit combining place-based and person-based accessibility measures for measuring and mapping the accessibility of individuals to service facilities. Niedzielski & Boschmann [65] introduce the contrasting notions of monotonic vs non-monotonic accessibility, in order to explore diverging commuting experiences in the Denver metropolitan area. To this end, they perform a place-based analysis of commuter data, disaggregated by poverty status [65] . Their results indicate variations in accessibility that are generally not anticipated by regular place-based metrics. Their approach constitutes an empirical attempt at "blending together the benefits of individual space-time accessibility with place-based approaches" [65] (p. 24).
Volunteered Geographic Information/Crowdsourcing
The emergence of social media platforms, oftentimes integrating location-based services, has brought about a major shift in regard to conventional GIS. Sites, such as Foursquare, Facebook, Twitter, or Flickr, all enable their users to share their geographic location, either as a check-in or along with the content they are posting, thus transforming them into a GIS of sorts [66] . With over 55 million users (March 2018), Foursquare is the most popular location-based service. The service allows its users to check-in their location, which is subsequently shared with their friends. Optionally a user's location can automatically be posted to their Twitter accounts, from which data can be freely downloaded through its open API. Twitter itself is a micro-blogging service, which allows its users to post short messages referred to as "tweets". Since its establishment in 2006, the site has gained over 330 million users (July 2017), which tweet an average of 9100 tweets per second. At this staggering rate, it takes a mere five days for one billion tweets to be posted, about 1.45% of which are provided with the geographic location of their origin [67] . Similarly, geotagged photographs and short videos are shared by users of the online photo-sharing community Flickr, which has approximately 77 million self-proclaimed users, sharing roughly 5000 uploads per minute. Goodchild [68] termed such user-generated content as volunteered geographic information (VGI), which is closely related to the concept of crowdsourcing. Crowdsourcing refers to the notion that information obtained from a large group of people is more likely to be accurate than information gathered from a single observer [69] . A phenomenon demonstrated, for example, by Wikipedia or Open Street Maps, which allow for the users to create or modify content.
Gao et al. [70] developed an approach to harvest crowd-sourced gazetteer entries from social media and to conduct spatial analysis in a cloud-computing environment. Implemented on Hadoop, it processes Big Geo-Data and facilitates the development of crowd-sourced gazetteers. Yang et al. [71] use the spatial and "platial" context of geo-tagged social media data such as Foursquare check-ins to enrich the geographic context of social media data in both space and place. They found that check-ins tend to be spatially clustered near the center of the city. Popular places that are related to food, services and retail shopping venues are more likely to be reported by social media users. Jiang and Miao [72] argue that location-based social media enable users to track individual historical trajectories, their friends, and the growth of social media as such. While the latter application is well-known for OpenStreetMap [73] , individual-even anonymized-social media spurs seem to be problematic in the context of PPGIS. Eventually, this data may be aggregated from individual level to other spatial and temporal scales. Here, in a methodologically innovative way, Huck et al. [74] present a PPGIS platform which allows the collection, storage and analysis of spatial data from the public without reducing these data to geographic primitives. Regardless of whether such approaches are called VGI or user-generated content (UGC) [75] or Geographic Information Observatories [76] , these technical and methodological developments allow for a data-driven, and 'theory-informed' approach by introducing a theoretical and technical framework to interactively explore the pulse of a city based on social media [75, 77] .
Lately, we have witnessed an increasing number of articles that deal with analyses of human activity hotspots. Jia & Ji [78] analyze clusters of activity locations in space and time trough trajectory data. A large number of stopping locations are extracted from trajectory data, which are then aggregated into activity hotspots. Activity hotspots are found to display scaling patterns in terms of the sublinear scaling relationships between the number of stopping locations and the number of points of interest (POIs), which indicates the economies of scale of human interactions with urban land use. Yang & Ai [79] extracted a large number of stopping locations from trajectory data, which they then aggregated into activity hotspots and constructed human activity hotspots as the clusters of activity locations in space using trajectory data. These are just two examples, not by chance both from China, where we witness a fast-growing body of literature that aims to infer the functionality of human activity hotspots from underlying spurs-not necessarily volunteered data, but mass data.
Goodchild [68] suggests the use of VGI/crowdsourcing to formalize the concept of place, highlighting citizen-based initiatives, such as Wikimapia as a new type of gazetteer with the self-proclaimed aim of "describing the whole world". He argues that such efforts have powerful implications for studies of place, since the collaboration of many individual citizens may potentially help in defining and formalizing human-centric concepts of place [2] . One possible approach, therefore, was demonstrated by Zook & Graham [80] , for example, who extensively utilized VGI for delimiting communities, based on culturally significant terms appearing in online platforms, such as social media services. Roche & Rajabifard [81] explore the smart city concept by combining sensory devices, such as cameras with data obtained from human sensors (VGI, geo-social networks). They claim that citizens are usually experts regarding their place of living, making the "active engagement of citizens a major requirement for smarter operations of a city" [81] (p. 1). Thereby, capturing the sense of place constitutes an essential stake for the smart development of urban communities, which can be achieved by aggregating formal data collected by sensory devices and citizen sensed knowledge [81] .
Semantics and Ontologies
Establishing a semantic model of the notion of place has been identified as a critical prerequisite for implementing an adequate geographical ontology [82] . Place constitutes a significant component in the development of an integrated geo-ontology [83] [84] [85] , amplifying the need to resolve its contested nature by means of a clear semantic account [82] .
In a bid to develop a semantic model of place, Agarwal [83] applies the principles of conceptual structures in order to represent the semantic correspondences between place and other geographical concepts. The results indicate the relations and distinctions between associated semantic fields of related spatial concepts [83] . Furthermore, Agarwal [84] (p. 1) assesses "whether it is possible to specify basic topological operators for spatial concepts from cognitive conceptualizations (such as for region, neighborhood and place) used in this experiment". To this end, she develops and conducts empirical tests to assess the shape and scale independent relations between cognitive conceptualizations of spatial entities [84] . The results demonstrate that prototypical relations which constitute the "core" of the semantic concept of place can be extracted from the cognitive schema of human subjects. These results bear significant implications for the development of a formalized place model and they demonstrate how "set-theoretic arguments and intersection models can be applied to the representation of place" [84] (p. 2). Bennett & Agarwal [82] analyze the semantics of natural language expressions of the concept of place. They represent the view that "the notion of 'place' can only be adequately understood by examining the logical role that place-related concepts play in natural language and developing a semantic theory of place which formalizes this logic" [82] (p. 79). They propose that the various logically distinct, but ambiguously defined categories of place expressions should be classified into the following distinct types [82] (p. 78), and suggest formal representations for each type. When defining categories of place, they examine the English vocabulary in terms of the meanings, connotations and ambiguities of various place count nouns such as "place", "region", or "area", and subsequently identify the meaningful underlying elements, like locative property phrases, which explain the similarities and differences between the different terms [82] .
Place Names/Place Modeling
Another branch of place-based GIS research in GIScience is devoted to place names and place modeling. Place names are the underlying entity of gazetteer services, which in turn are the basis for place searches in virtual globes and maps, like GoogleEarth and GoogleMaps. Gazetteers are essentially tables, which contain metadata for each recorded place. However, a substantial research challenge in GIScience remains in the formalization of the place names used within gazetteer services. Computers require formalized input in terms of well-defined rules and semantics, which frequently creates tension with the informal, subjective world of human discourse [2] . In terms of place names, various subjective aspects play a role when these are defined. These aspects comprise simple technical discrepancies, such as the use of different languages, but also cultural and contextual aspects and changes over time, for instance, when the administrative boundaries are shifted as a result of conflict, or due to natural impacts, such as a volcano eruption or a lake drying up over time.
It is, therefore, a fundamental research task within GIScience to develop computational models for capturing and expressing the meaning of place names [1] . Such research "will have a substantial impact on several application areas, such as spatial recommender systems, urban planning, marketing, and on information retrieval in general" [1] (p. 2).
To this end, Davies et al. [3] conducted an empirical study about the vague and vernacular characteristics of places by qualitatively determining the GIS end-user requirements. Their study revealed certain patterns of the need for place and place names data. Grothe & Schaab [86] proposed a novel automated method of generating precise footprints for symbolic places that are based on statistical analysis of patterns of points in space associated with the place name. Schlieder & Matyas [87] investigate whether photographs shared on social media represent different conceptualizations of cities, by measuring the popularity of various locations within the studied cities of Amsterdam, Bamberg, Cardiff, and Dublin. They conclude that the extremely popular locations can be identified with the semantic core of the image-based city conceptualization and propose a measure that allows for the identification of users with similar conceptualizations of the respective city. Vasardani et al. [88] analyzed current research approaches that are outlined in literature, in order to determine the positional uncertainties and the extent of vagueness surrounding the retrieval of geographic locations based on place names in linguistic place descriptions. They concluded that despite notable research efforts, place names used in linguistic expressions still cannot be unambiguously recognized and handled by geographic information systems and services [88] .
These examples are far from being comprehensive and not all the relevant literature identified can be categorized according to the seven paths identified. For example, Winter & Freksa [89] conceptually developed an approach to capture the notion of place by contrast, while using cognitive concepts and the language that is used to describe places. They argue that the cognition of, and communication about, place in spatial environments is a matter of sufficiency and that sufficiency can be captured by contrast sets, that is, by specifying the meaning of a place in a given context by explicating the contrast to other places. Winter & Freksa find this approach complementary to classic GIS approaches that use coordinate-based systems and aim at explaining structures in verbal place descriptions and at localizing objects without committing to geometrically specified positions in space. The approach is still best categorized within this sub-section, as it aims to identify locations by place names that are not crisply defined in terms of geometric regions. Hobel et al. [90] provide an ambitious example of VGI and semantic information, such as name and categorical attributes, such as 'tags' to derive the geometric extent of "cognitive regions" by utilizing solely crowd-sourced geographic information as the fundamental knowledge bases. The transition between GIScience research and other scholarly work becomes more vague; as such, the more semantic modeling is emphasized. Many applications use the output of latent semantic analysis (LSA) from a-typically online-text corpus and utilize semantic, semiotic, and linguistic analysis (e.g., [91] [92] [93] [94] ). In fact, those methods are increasingly used to gather information on the mood, opinion, and emotional responses of individuals in a variety of contexts, namely space, time, and situation-specific (only applicable for this situation) context (e.g., [77, 95, 96] ). Various recent studies using social media, particularly Twitter data, aim to reveal a sense of place. While many computer scientists and computer linguists, on the other hand, discover the power of spatial concepts [95, [97] [98] [99] [100] [101] [102] [103] , and likewise, GIScientists discover the potential of semantic analyses [77, 94, 96, [104] [105] [106] , the dividing line between spatial and non-spatial applications diminishes.
Towards a Notion of Place-Based GIS
Is Place a Significant Sub-Topic in GIScience?
Although no single unambiguous definition exists, the term place broadly refers to the settings in which human-environment interactions take place. Contrarily to geographic space, the concept of place is inherently vague, as it has no crisp or necessarily fiat boundaries. From a GIScience point of view, the challenge in operationalizing place, therefore, lies in re-applying or transforming classic GIS operations, such as spatial queries (buffers, overlays), in order to map human phenomena, and thereby, deal with the notion of place.
The necessity for such a place-based GIS has been highlighted by a number of scholars, who point out the limitations of purely spatial GIS operations when analyzing inter-related human phenomena. For instance, Miller [61] points out that location serves as the key to holistically understanding related phenomena, which are oftentimes considered separately in other disciplines. He argues that GIScience can provide the facilities for collecting, storing, analyzing, and communicating locational data, thus, "encouraging holistic and integrative thinking about places" [61] (p. 1). Furthermore, in his Keynote address at the 50th annual URISA conference in Portland in 2012, GIScience pioneer Michael Goodchild reasoned that geographic information is a social rather than scientific construction, and thus, "we need to think of a place-based GIS that is not linked by space. The creation is by name and not coordinates. Where we can do a schematic sketch with no planimetric control because humans think about and reason with place rather than coordinates-'platial' rather than planimetric" [107] . Goodchild [2] also pointed out that, although an increasing number of scholars seem to be interested in spatially analyzing human dynamics and human-environment relationships, it is still lacking a single comprehensive text or framework formalizing and operationalizing the notion of a place-based GIS.
Seven years on, the analysis of GIScience literature concerned with place-based methods presented in Section 3 highlights that the notion of place-based GIS is indeed a growing field within GIScience. Although each of the discussed research branches stems from a different background and applies different methods and research approaches, as we will outline in this chapter, they all follow the same broad goal of formalizing and subsequently operationalizing place within GIScience. Although the necessity for doing so has been discussed by scholars for decades (amongst others: [1] [2] [3] [4] [5] [6] [7] 10, 12, 15] , tangible, operationalized approaches have only recently emerged in GIScience, and continue to do so few and far between. These include, for instance, GIS software modifications [39] and the integration of GIS and computer aided data analysis software [36] in order to incorporate qualitative data into spatial analysis operations; the integration of place-based local knowledge through participatory approaches [108] ; modeling places and people's perceptions thereof using affordances [54, 56] ; integrating VGI data in urban models to analyze urban infrastructure and city components [81] ; and, designing formal models to reason with place names in linguistic place descriptions to optimize navigation and routing services, map-based websites, web search engines, and the interoperability of place gazetteers [88] .
Thus, although place-based approaches quantitatively remain a minority in GIScience literature, they are qualitatively of great significance since they tackle the longstanding issue of bridging the gap between qualitative and quantitative methods. Therefore, while place-based research within GIScience still lacks a comprehensive text or framework, as pointed out by Goodchild [2] , promising approaches have nonetheless emerged in the formalization and operationalization of place, thus demonstrating the growing importance of place in GIScience, and perhaps even the emergence of the sub-field "place-based GIS".
Can Place Be Adequately Addressed and Handled with Established GIScience Methods?
The field of GIScience is very broad, ranging from fundamental theoretical discussions, as for instance in critical GIS, on the one end of the spectrum, to applied research in fields, like computational modeling, or ontology production on the other end. Although this leads to difficulties in demarcating the boundaries of such a complex and comprehensive discipline [109] , it bears a significant advantage in terms of handling the concept of place, as it incorporates a variety of different conceptual and operational methods and approaches.
As such, each of the identified GIScience research branches addressing place follows slightly different specific objectives within the broader aim of formalizing and operationalizing place. While some of these approaches are concerned with place at the fundamental conceptual level, while others focus on operationally implementing place within various research frameworks (Table 1) . In terms of specific aims, critical GIS engages with the formalization of abstract concepts, which is necessary for their analysis and visualization, as well as for the production of ontologies [34] . The objective that is pursued by researchers in the field of qualitative GIS is to utilize GIS as a platform for the integration of qualitative and quantitative data sources, thus, operationalizing the mixed methods approach [36] . Meanwhile, PPGIS/PGIS aim to provide the means of incorporating citizens into decision-making processes, thus leading to the empowerment of marginalized groups [42] . The objective pursued in regard to place in affordances research is to utilize affordance-based approaches to define and delineate places, to subsequently be able to integrate these into GIS [54] , and to provide a robust foundation for geo-ontologies [56] . Accessibility studies are concerned with examining the accessibility to certain places, based on the costs of a network [60] , whereas the place-related objective in VGI/crowdsourcing research is to formalize human-centric concepts of place by means of the collaboration of many individual citizens [2] . Meanwhile, establishing a semantic model of the notion of place has been identified as a critical prerequisite for implementing an adequate geographical ontology [82] [83] [84] [85] in ontology and semantics research, thus amplifying the need to resolve its contested nature by means of a clear semantic account [82] . Finally, the aims of place names/place modeling research include optimizing navigation and routing services, map-based websites, web search engines, and the interoperability of place gazetteers, as well as closing the gap between metric spatial information as handled by information systems and the human geographic perception of the environment [88] . Critical GIS Engages with the representation of social concerns at the boundary between conceptualization and formalization [34] Various case studies, particularly with minorities. Here, the more operational approaches often overlap with PPGIS. Scopus: 85 articles identified with a peak in 2015, cited 1228 times in total, 58 articles mention 'place', six papers cited >100 times, most cited papers [110, 111] 
Qualitative GIS
Most of the diverse approaches can be summarized with the term mixed-methods research. This may relatively simply mean using both, quantitative and qualitative methods. It can also lead to software-level modifications of GIS enabling the analysis of qualitative data sources [39] or to the integration of GIS and computer-aided qualitative data analysis software [36] Many conceptual approaches exist, as well as some prototypical implementations, such as [36, 39] . Scopus: 47 articles identified with a peak in 2015 but no clear tendency, 39 articles mention "place" cited 655 times in total, two often cited papers [112, 113] 
PPGIS/PGIS
Integrates local place-based knowledge through participatory approaches, either through face-to-face interviews or, increasingly, in a distributed online-based manner [108] . The majority of applications claim to contribute to decision making and democratization [45, 49, 114, 115] Many examples from around the globe, however, seems to be declining in favor of VGI/crowdsourcing. Several studies diagnose the number of long-lasting PPGIS solutions to be surprisingly low [48, 116, 117] Scopus: 513 articles identified, cited 4890 times in total, 209 papers mention "place", most cited paper [118] Affordances Jordan et al. [54] conceptually propose a methodology including the affordances 'agent', 'environment' and 'task requirements' for modeling places, stating that the interplay of these factors results in different place definitions for each individual. Most of the approaches that try to implement affordances seem to use agent-based modeling software paradigm [119, 120] Few prototypical examples, e.g., as [56] approximate places to a special kind of media, which are bounded by a surface, and can be traversed, located, and move themselves, given that the affordance constituting them appears or disappears at some location Scopus: 39 articles identified, cited 584 times in total, 24 mention "place", most cited paper [121] 
Accessibility Studies
Accessibility is a classic GIS method tied to Euclidean space. More recently, researchers developed human-centred methods to account for the needs or perceptions of individuals or groups. For instance, Hawthorne & Kwan [58] developed a satisfaction-adjusted distance (SAD) measure to 'correct' real distances for the perception of persons.
Accessibility studies are a common topic in GIS. Technically, the methods are well advanced. Scopus: 1589 articles identified, cited 14,273 times in total, 437 mention "place", most cited paper [122] Place Names/Place Modeling Place-names research for gazetteers, e.g., Connection graphs to represent gazetteer footprints (e.g., [125] ); Using ontologies to enrich gazetteers with terminological and spatial reasoning for better query results; Evaluating the semantic closeness of place-names to the queried topic of interest. Designing formal models to reason with place names in linguistic place descriptions-There are a number of formal models for qualitative spatial reasoning based on topological, directional or distance relations, or combinations thereof (See [88] p. 9), however, these still limit the possibilities to predefined relations
Having their origins in wayfinding, a sub-community on place modeling seems to have emerged within GIScience over the last years. Scopus: 139 articles identified, cited 1389 times in total, 121 papers mention 'place', two papers cited >100 times [126, 127] Table 1 outlines the specific methods that each of the identified research branches of GIScience concerned with place contributes to place-based research, as well as a critical analysis regarding how operational the outlined methods currently are. It is the operational applications that constitute major advances in place-based GIS research, as these offer first promising attempts at solving the typical problems of modeling qualitative data and defining place semantically, as discussed by earlier scholars. First operational implementations of place in GIS include, for instance, the software-level integration of qualitative data into GIS [36, 39] , the integration of local knowledge into urban models and planning initiatives both qualitatively, through PPGIS, and quantitatively, through VGI and crowdsourced data, attempts at semantically defining entities, such as "place", "area", or "region" [82] , and the use of ontologies and formal models to reason with place names in linguistic place descriptions for use in gazetteers, and to optimize routing and navigation services, map-based websites, and web search engines [88, 125] .
These examples demonstrate that GIScience methods are suitable for, and capable of, addressing and handling the notion of place to a certain extent, but that place-based research still lacks a coherent framework, as previously pointed out by Goodchild [2] . Therefore, although place research has continued to progress in the last four years following Goodchild's observation, it currently remains inadequately addressed, and the separate research branches remain extensively autonomous, rather than fostering valuable collaboration, which may in time lead to a coherent framework of place-based GIS research.
Which Other Disciplines Must Be Considered in Order to Sufficiently Account for Place-Based Analyses?
Based on the identified research branches within GIScience that are concerned with place, the authors reviewed the available literature and determined which other disciplines play an important role in the respective place-based research methods and approaches. It was thereby determined, that the GIScience branches of critical GIS and PPGIS/PGIS stem from the disputes between GIS advocates and social theorists in the early 1990s (e.g., GIS critics such as [33, [128] [129] [130] ), who pointed out the theoretical shortcomings of GIS, leading to the development of these research branches. Critical GIS and PPGIS thus "emerged at the interface between geographic information science and geographical social theory" [35] (p. 5), therefore being influenced by the broader disciplines of human geography and sociology. PPGIS/PGIS has since been adapted and utilized for urban planning research [45, 131, 132] , drawing on concepts of landscape ecology for a holistic approach to environmental planning [133] . A relationship between PPGIS/PGIS and VGI/crowdsourcing is also identified by [45] , as both of the research branches rely on information generated by the public, rather than on official data sources. Furthermore, [134] identify the field of human-computer interaction as providing a fundamental understanding of "how computers affect individuals, organizations, and society, (making it) vital to the success of PPGIS" [134] (pp. 577-578). Another research branch stemming from human geography is qualitative GIS, where the mixed methods research in human geography led to the desire of integrating qualitative data into a GIS environment [36] . Since then, researchers have discussed both practical and epistemological issues [36] , whereby operational approaches include computer science methods for adapting GIS software to handle qualitative data [36, 39] . Furthermore, the identified branch of accessibility studies is grounded in urban, economic and transport geography research, all of which are part of the larger discipline of human geography [65] . Nonetheless, social science research [24] and urban planning [60] also contribute to GIS-based accessibility research.
Moving away from the research branches founded in human geography, the notion of affordances was coined by Gibson [50] , who was a psychologist. He was later criticized for neglecting the aspect of cognition, by grounding his theory solely on perception [54] , based on which Donald Norman extended the theory in 1988, to include cognitive aspects [54] . A lot of work on affordances builds on the fundamental principle of ecological psychology, called agent-environment-mutuality, suggesting that the relationships between agents and their environments need to be understood at a fundamental level [54] . Another of the identified branches that is based on psychological methods is that of ontologies, whereby psychological methods are used to elicit ontologies from human subjects and constitutes a key research area in establishing "the conceptual systems that people use in relation to given domains of objects" [83] . However, the concept of ontology is primarily based on philosophy, which, in GIScience, is concerned with "the totality of geospatial concepts, categories, relations, and processes" [135] (p. 1). As such, cognitive science also plays a role in the geo-ontology for place, since the meaning of place is mapped from cognitive conceptualizations, to identify the "primitives that constitute the primary theory for place" [83] (p. 3). The closely related field of semantics also depends on individual nature and cognitive structures and is grounded in the linguistic analysis of natural language descriptions [83] , serving as the basis for establishing an adequate ontology for place [82] . Also influenced by semantics and linguistics is the identified field of place names/place modeling, where places are located based on linguistic place descriptions [88] . Since a lot of current place names/modeling research stems from the requirement of unambiguously defining place names for gazetteer services, as required for place services implemented in online globe and map services, such as GoogleEarth and GoogleMaps [2, 3, 86, 136, 137] , cartography can also be identified as an influencing discipline in this field of research. To this end, computational models for capturing and expressing the meaning of place names can be developed [1] , and places can be modeled based on geo-statistical evaluations of VGI/crowdsourced data, which follow certain semantic characteristics [86] [87] [88] . VGI/crowdsourcing applications have mainly emerged in the past decade and are enabled by the web 2.0 technologies founded in computer science. As pointed out by [45] , parallels exist between PPGIS/PGIS generated data and VGI/crowdsourced data, as both stem from unofficial sources. Ties can also be identified to critical GIS, whose researchers monitor issues of privacy and ethics in regard to the utilization and dissemination of VGI/crowdsourced data [111] .
The relationships between the identified branches of place research in GIScience, as well as their respective relationships to other influencing disciplines, are depicted in Figure 2 .
In order to identify and quantify the body of knowledge for the identified branches within place-based GIS, we performed a literature analysis. Some results of this semi-quantitative analysis for the eight sub-branches of place-based GIS research are briefly summarized in the rightmost column of Table 1 , and are analyzed in greater detail in Table 2 . The analyses were carried out on 7 and 8 August 2018 through the Scopus database from Elsevier and they included variations in spelling and terminology, for instance "vgi OR "volunteered geographic information" OR "user generated content" AND ("gis" OR "geographic information system" OR "geographical information system"). The results were manually checked, at least for the 50 most cited articles. In cases where clearly wrong results were included, e.g., from chemistry or material sciences where the abbreviation "GIS" can also appear, additional filters were included in Scopus to exclude those scientific disciplines. Adding such filters, can, in rare cases, lead to the omission of individual papers, e.g., for studies in public health and accessibility. Likewise, errors of omission can occur for papers that fall into this topic but do not use the search terms within the title, keywords, or abstract. Table 2 reveals some interesting results, not all of which were expected by the authors. Contrary to our initial intentions, we were unable to conduct a robust temporal analysis of place literature. The number of articles for most branches were simply too small to analyze, e.g., the publications per year over the last 20 years and their tendency. Seven out of the eight branches have seen an increase in publication rate, particularly over the last five to seven years, but it is unclear whether this is mainly due to the general trend of increasing publications per year. Only the branch "Semantics/Ontologies" has seen a slight decrease seem to slightly since around the year 2010. This may be in line with its decreasing importance within computer science.
The table contains absolute search hits, the number of citations that they yield and the average citations per article. There is less variation than expected between the branches, also when compared to the respective numbers for the term "GIScience" (including its variations like "Geographic Information Science" and "Geographical Information Science"). Then, for all eight datasets, additional queries identified those papers that mention 'place' in title, keywords, or abstract. The share of those papers for each category was calculated.
For comparison, the respective figures for "GIScience" were calculated. Here, 25.6% include "place". Based on this measure we classified the eight branches regarding their relative uniqueness within this field, in other words, how many of the branch research articles fall into the "place-based GIS field" and how many do not fall into this category, using the GIScience value (25.6%) as a measure. Semantics/Ontologies is clearly the only branch which yields a significantly low share. This means that the vast majority of research using semantics or ontology concepts in combination with GIS does not fall in the field of research studied in this article. Contrarily, "Place Names/Place Modeling" seems to be at the heart of the field addressed in this article, namely place-based GIS. Although relatively small in terms of the number of papers published, more than 87% of the papers include the term place in the title, keywords, or abstract. We therefore classified this branch together with "qualitative GIS" (83%) as highly unique-standing for place-based GIS research and vice versa. If we look at highly cited papers, there is again no clear tendency. Most of the eight branches include at least one paper that is cited over a hundred times. Sieber [118] yields the highest number of citations of the articles included in the analysis (507) while for the overall field of GIScience, Blaschke [138] yields 1745 citations. Attempts for extra analyses on influential papers do not lead to additional insights. The measure of uniqueness indicates to which degree articles in the assessed branch of GIScience address place-based GIS. More asterixis indicate a higher proportion of articles addressing place.
Discussion and Conclusions
To summarize and to emphasize our own point of view: the difference between space and place has been initially mainly discussed by human geographers, but received little attention in GIScience, as these two terms have been used almost interchangeably in the GIScience literature. In fact, until recently, the space perspective has dominated GIS, and geographic objects are mainly represented while using Euclidean geometry and the Cartesian coordinate system [66] . In contrast to space, place can be considered as a "bottom-up" view that focuses on capturing the local environment and human activity in a qualitative manner [66] . Some pilot work has begun in shifting from space to place in GIS practices [2] . In his important scholarly work, Harvey Miller [61] starts from classic time geography and identifies its focus on physical movement and presence as a major weakness of classic time geography, subsequently suggesting the concept of 'people-based GIS'. Miller suggest to focus on individuals' activities in space and time, and their use of places in both the real and virtual world, instead of using places as a surrogate for people and their activities. The authors find this 2007 paper visionary, as place-based GIS was almost in its infancy at this time and Miller already suggested to go beyond the place perspective.
Nevertheless, to this end, we argue that only more recently-as compared to Miller 2007-place-based GIS research has been substantially established and various attempts towards the development of place-based GIS are observable now. Although the analysis of the GIScience branches before demonstrates a multi-paradigmatic view, we believe that there are some common developments that allow for at least calling the field place-based GIS research. Firstly, it is widely agreed that place has to be identifiable to exist [139] . Most authors assume that place has a spatial identity that allows for differentiating itself from other places. 'Heaven' is therefore not a place from such a GIScience perspective; a place needs to be specifically named in conjunction with a certain spatial association in order to exist [88, 140] . Secondly, in recent literature on 'citizens as sensors' or 'people as sensors', we do see a trend in the direction Miller suggested, while, at the same time, other disciplines are taking over the technical development. Subsequently, we may diagnose that the importance of the spatial dimension may decrease and a people-based GIS approach may ultimately grow out of the field of place-based GIS. There is nothing wrong with such developments, but considering them goes beyond the scope of our article. Thirdly, in this article we only briefly touched upon the temporal dimension of place. Despite a growing number of articles [24, 102, 104, [141] [142] [143] , there is a need for future research on this topic.
In this paper, we reviewed a broad range of GIScience literature and identified several research branches concerned with the formalization and operationalization of place. The identified branches comprise critical GIS, qualitative GIS, PPGIS/PGIS, affordances research, accessibility studies, VGI/crowdsourcing, semantics and ontologies, and place names/place modeling research. We subsequently analyzed the literature in these research branches in terms of our research questions, namely, whether place is or should be a significant (sub)topic in GIScience, whether it can be adequately addressed and handled with established GIScience methods, and, if not, which other disciplines must be considered in order to sufficiently account for place-based analyses. We thereby identified place as a significant sub-topic within GIScience based on the recent advancements in operationalizing place in a GIS environment and identified a range of suitable GIScience methods and approaches for adequately handling the concept of place. Some semi-quantitative analyses of the body of literature in Scopus (Elsevier) revealed that the eight research branches that were identified within GIScience are all relevant but with different degrees of uniqueness against other fields. We could not confirm what some researchers in this field claim, namely that "the concept of place recently gains momentum in GIScience" [144] . But, the analysis also led to a partially revised view of the importance of the eight branches identified. We additionally provide a semi-quantitative view in Figure 3 . The more centred the topics are, the higher the 'uniqueness' of GIScience for the respective subfield or branch. The sizes are not linear but larger ellipses indicate large amounts of literature articles.
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In this paper, we reviewed a broad range of GIScience literature and identified several research branches concerned with the formalization and operationalization of place. The identified branches comprise critical GIS, qualitative GIS, PPGIS/PGIS, affordances research, accessibility studies, VGI/crowdsourcing, semantics and ontologies, and place names/place modeling research. We subsequently analyzed the literature in these research branches in terms of our research questions, namely, whether place is or should be a significant (sub)topic in GIScience, whether it can be adequately addressed and handled with established GIScience methods, and, if not, which other disciplines must be considered in order to sufficiently account for place-based analyses. We thereby identified place as a significant sub-topic within GIScience based on the recent advancements in operationalizing place in a GIS environment and identified a range of suitable GIScience methods and approaches for adequately handling the concept of place. Some semi-quantitative analyses of the body of literature in Scopus (Elsevier) revealed that the eight research branches that were identified within GIScience are all relevant but with different degrees of uniqueness against other fields. We could not confirm what some researchers in this field claim, namely that "the concept of place recently gains momentum in GIScience" [144] . But, the analysis also led to a partially revised view of the importance of the eight branches identified. We additionally provide a semi-quantitative view in Figure 3 . The more centred the topics are, the higher the 'uniqueness' of GIScience for the respective subfield or branch. The sizes are not linear but larger ellipses indicate large amounts of literature articles. However, we also acknowledged the lack of a coherent research framework for place-based research and established which other disciplines must be considered in order to sufficiently formalize and operationalize place-based methods. In their multi-paradigmatic characterization of today's situation in GIScience, Blaschke & Merschdorf [109] already diagnose a certain tendency for GIScience to become dispersed along with the danger to lose focus. They refer to Haklay [145] , who believes that the research agenda is shaped by societal and technological changes, and argues that GIScience eventually incorporates new "research avenues" into its research agenda, even if it encounters initial critique within the-very heterogeneous-GIScience community. We believe that the 'spatial turn' through which more scholars from the humanities and social sciences use GIS and GIScience methods can be seen as a chance to legitimate aspects of GIScience that were initially neglected or were faced with a great deal of controversy. As often, we refer to and close by citing Goodchild [2] , who underpins the fact that rigid rules are required to translate information into the strict 21st century alphabet in which all knowledge needs to be expressed in a code of just two symbols-0 and 1. Goodchild argues that such rules are, in many cases, alien to the much less formal world of the humanities and social sciences. We conclude that this statement can serve as a core vision or motivation for future GIScience research on place and for attempts to develop place-based GIS solutions.
In order to comprehensively deal with the notion of place, an appropriate research framework is indispensable, which needs to provide the fundamental methodological basis for this vast field of research. Such a framework would be complex and interdisciplinary, as is evident in Figure 2 . It must be founded on sound concepts and methodologies, based on a uniformly and unambiguously defined concept of place. Furthermore, a consensus in terms of semantics and geo-ontology should be established, yet still regarding the complexity of place in terms of its respective implementations. To this end, future research will focus on more clearly distinguishing the links between place-topics, in a bid to ultimately be able to structure a possible research framework. 
